Improvement of upland timber soils of Illinois : with special reference to northern Illinois by Hopkins, Cyril G. & Readhimer, J.E.
YNIYI;:RSITY Of? fLL~NOIS 
Agi-icultural ExperimeO~ · Station 
CIRCULAR NO. 109 
IMPROVEMENT OF UPLAND TIMBER SOILS 
: OF ILLINOIS · 
(With special reference to Northern Illinois) 
I i 
:. 
BY CYRIL G. HoPKINS, Chief in Agronomy 'and' Chemistry, 
and J. E. READHIMER, Superintendent ?f Soil Experim~n~ Fi~l~s 
.• •: .( 
The investigations reported· in this circular deal with' the or.; 
dinary gently rolling upland ·timber s0ils representing ~L' very 
common type in nor.thern Illinois. Similiar lands are also found · 
quite extensively in central Illinois, especially ,along ·the·streams 
which were originally bordered with strips of native 'timber. 
"Level timber land' ' is the term commonly .. ·applied to desig.: · 
nate these soils; · just as · ~ 'level prairie" is the term moSt use'd td 
designate the common Illinois prairie lands, although neither type 
of soil has· an absolately level·or fiat topography. As a :matter df· 
fact, both the upland timber soils, refer-red to in ·this circular, and 
the most common prairie lands described in c.ircular 96 ('·'Soil' Im-
provement for the Illinois Corn Belt") are ·somewhat ·undulating, 
but not sloping enough to subject the-m to s urface-washing, ·or ., 
erosion, under ordinary conditions. For information concerning· 
the eroded worn hill lands of -Illinois, see Bulletin No. 115. · · · · · ·· ' · 
It may well be kept in mind that the level or gently rolling 
timber !'and differs fr·om the more rolling or steeply s-loping 'erodetl: 
hill land, not only in topography, but also in composition, the' 
eroded land being most deficient in humus and nitrogen while the 
more nearly levelland is fairly well supplied with nitrogen, but 
very deficient in phosphorus to meet the needs of large crop yields, 
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as will be s,een from a careful study of the actual results obtained 
from field experiments. 
In considering the data secured from soil experiment fields, 
the reader should always keep in mind that the crops grown by 
the Experiment Station are subjected to the same general condi-
tions as on the farms about, including occasional drouths, dam_ag-
·ing storms, and attacks of such insect enemies and fu~gous dis-
eases as we are not yet able to control. Furthermore, it is impos-
sible to find even one acre of land that is absolutely uniform in 
every respect. Trustworthy conclusions are to be drawn only 
from considering a series of tests or experiments covering several 
years, such as are given in the following pages. 
ANTIOCH SOIL EXPERIMENT FIELD 
The Antioch soil experiment field is located about four miles 
southeast from Antioch, Lake County, on the farm of Mr. D. M. 
White. The soil is the ordinary timber land of that section of the 
state, which is known as the late Wisconsin glaciation . . It is a 
gently rolling gray silt loam soil, with a rather stiff silty clay 
subsoil underlain by gravelly clay. The nitrogen and humus 
content of this soil is only moderate, the phosphorus content is 
very low, but the total amount of potassium is very great, as de-
termined by ·absolute chemical analysis. This experiment field 
· is· typical of the gray silt loam timber soils of the northeastern 
. ,part of the state. 
. . The field wa.s located in 1902 and origin:ally con_sisted of one 
series of ten tenth-acre plots. In 1904 two other series were add-
ed to it. The original series has been used for a complete fertil-
ity experiment; where the different elements of plant food in eas-
ily available form have been applied directly in order to -deter-
mine as quickly as possible the needs of the soil without having 
to wait on the slower methods. · 
The new series has been devoted to a rotation of crops 
where the nitrogen is supplied by the growing of legumes in the 
, rotation and by the application of farm manures, and the phos-
phorus applied in the cheaper less readily available form of finely 
ground raw rock phosphate. The work on the rotation series has 
not progressed far enough to justify any definite conclusions, so 
the results from that part of the ~eld will not be discussed in de-
tail at this time. 
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PLAN OF EXPERIMENT 
The plan of treatment for the older experiments has been as 
follows: 
Plot 1, No treatment applied. 
Plot 2, Lime applied. 
Plot 3, Lime and nitrogen 
Plot 4, Lime and phosphorus 
Plot 5, Lime and potassium 
Plot 6, Lime, nitrogen, and phosphorus 
Plot 7, Lime, nitrogen, and potassium 
Plot 8, Lime, phosphorus, and potassium 
Plot 9, Lime, nitrogen, phosphorus, and potassium 
Plot 10, Nitrogen, phosphorus, and potassium. 
To supply the nitrogen about 800 pounds per acre of dried 
.blood, containing about 12!- percent (100 pounds) of nitrogen, have 
been applied every year. To suppy the phosphorus and potassium, 
200 pounds of steamed bone meal, containing about 12!- percent 
(25 pounds) of phosphorus, and 100 pounds of potassium sulfate, 
containing about 40 pounds of potassium, have been applied per 
acre per year, or in correspondingly larger amounts, if applied le~s 
frequently. 
A hundred-bushel crop of corn contains about 148 pounds of nitrogen 
(100 pounds in the grain and 48 in the stalks) , 23 pounds of phosphorus (17 
pounds in the grain and 6 in the stalks), and 71 pounds of potassium (19 
pounds in the grain and 52 in the stalks). The usual cost of these elements 
in these commercial forms is 15 cents a pound for nitrogen, 10 cents for 
phosphorus, and 6 cents for potassium. If crops need more plant food than 
the soil can furnish naturally, we can get more nitrogen from the inex-
haustible supply in the air and liberate more potassium from the practic-
ally inexhaustible supply in the soil; but if the supply of phosphorus in the 
soil is actually limited, we should adopt a system of farming under which 
the soil grows richer in phosphorus and more productive, and for this 
reason we apply slightly more phosphorus than we remove in very large 
crops. 
All crops have been r emoved from the land, including stalks 
and straw. Thus far five crops ·have been grown; corn in 1902 
and 1903, oats in 1904, wheat in 1905, and corn again in 1906. 
The yields by plots figured to bushels per acre are given in 
Table 1. 
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TABLE 1. -CROP YIELDS _FROM ANTIOCH SO[L EXPERIMENT 
. 1 FIELD 
(Land not tile-drained) 
Grain, bushels per acre. 
Gray silt loam level 1902 1903 1904 1905 1906 
Soil timber land, late Corn Corn Oats Wheat Corn 
Wisconsin glaciation. series series series series series Total value plot Nos. 100. 100 . 100. 100. 100. of increase 
1---------1-- - - for 5 years. 
Treatment 
-~pplie~. 
Total Total Total Total Total 
yield yield yield yielq yield 
1 None ........ . : .'~-o ..... \ 44.8 36.6' 17. 8 18.5 35.9 
· 2 Lime ...... . ... . ·. . . . . . 45. 1 38. 9 12. 8 10.3 31.5 
~' -' - ·' 1-'---------'---'- --- "-1--- - - - ---1----1---1-----
. 3 : Lime, nitrogen ....... ·. 46. 3 40. 8 2. 8 
·4 Lime; phosphorus. . . . 50.1 53 .6 12. 5 
'5 ·- Lim~, pot~ssium : ..... 48.2 50.2 9. 7 
·..,· . ' .. . 
. •'6 ··r...fme, nitrogen, 'i>hos-
. l 
~ 8 
phorus .............. 56.6 62 .7 15.9 
'Lime, nitrogen, potas-
" 'Sium.; .' ....... :: .. . 52.1 54.9 10.3 
Lfcie, phosph~ru~, po-
tassium... .......... 60.7 · 66 .o 19. 7 
17. 8 37.8 
35.8 57.4 
21.7 34.9 
15.2 59.3 
11.8 39.0 
28.7 59. 1 
$ 6 .04 
33.73 
13.43 
$26.29 
11.10 
39.21 
-- 1----------1--- ---- - - - 1- -- 1--1-----
. 9. ~ :yime,,:, liitr9.i!m, . phos-
phorus, potassiUm. . 61.2 69. 1 31.9 
' ~ I ' I ,• F 'f 
.10 , N.itrqg~n, , phosphorus, 
potassi urn. .. .. . .. .. . 59. 7 71. 8 31 . 2 
" .. '~ ~ t 
r • ·) • 
Averageltain 'for nftrogen .. : 3.0 4.7 1.6 
A.verage gain fo~ phosphoru~ 9 .. 2 16. 7 11.1 
Ayerage gaiD: for :Potassium.. 6.0 13 .0 6. 9 
18 .0 65.9 $38.41' 
16.3 66.3 . 
- 8.4 4.8 -$ 1.10 
9.0 .24.6 . 26.75 
.3 3.2 9. 71 
Plo;t .No. · 1 is naturally better land than the others and both 
1 and 10 serve only as checks against the lime treatment. They 
are not used in studying the effects of plant food applied. 
The oats crop in 1904 was practica.lly a faHure because of weath-
er conditions and the results are not comparable with those ob-
tained before or since; hence they should be discarded altogether 
in the discussion. The low yields of wheat from plots 3, 6, 7, and 
9, in 1905. were due to the fact that the wheat on these nitro-
gen plots grew very rank and lodged badly before it ripened. The 
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straw on these plots also rusted badly, resulting in shriveled and 
light grain. 
The wheat yields on plots 2, 4, 5, and 8 are :::nore trustworthy, 
although too great weight must never be placed upon the results 
of a single seaso~. These results show ·a very marked gain for 
phosphorus (Compare plots 2 and 4 and also plots 5 and 8). The 
gain produced by potassium applied without phosphorus is proba-
bly 1ar:gely due to the stimulating action of the soluble potassium 
salt by which some phosphorus may be li.berated from the soil. 
Where plenty of phosphorus is provided the addition of potassium 
appears to have been injurious (See plots 4 and 8). 
The total gains for five years show very markedly the effects 
of soil treatment. After the first year the best treated plots pro-
duced about twice as much as plot 2 which serves properly as · 
a check plot, to which no nitrogen, phosphorus, or potassium~ is 
applied. 
If, however, we take only the yields of the three corn crops 
into consideration the results are more nearly normal and trust-
worthy. The yields for three corn crops are given in Table 2. 
'· . 
TABLE 2. - CORN YTELDS FROM ANTIOCH EXPERIMENT FIELD 
I 
Corn , bushels per acre. 
Gray silt loam level 
timber land, late 1902 Total Soil Wisconsin glaciation. 1903 1906 3 years value of plot Corn Corn Corn Corn increase Nos. for 3 years. 
--
Plant food Total Total Total Total ! Bu. in-
applied. yield yield yield yield crease 
. 2 None . ................. 45.1 38.9 31.5 115.5 .0 
3 Nitrogen .............. 46.3 40.8 37.8 124.9 9.4 $ 3.29 
4 Phosphoru·s .. . ....... . 50.1 53 .6 57.4 161.1 45.6 15.96 
5 Potassium ....... . .... 48.2 50 .2 34.9 133.3 17.8 6.23 
-
- - ----
6 Nitrogen, phosphorus. 56.6 62.7 59.3 178.6 63.1 $22.09 
7 Nitrogen, potassiu.m .. 52.1 54.9 39.0 146.0 30.5 10.68 
8 Phosphoru~, potassi-
urn .................. 60.7 66.0 59.1 185.8 70.3 24.61 
I 9 Ni~roge~,. phosphorus, 
potassmm .. ..... .... 61.2 69.1 65.9 196.2 80.7 28.25 
Average 'gain for nitrogen. · .. 3.0 4.7 4.8 12.5 ..... 
I 
$ 4.38 
Average gain for phosphorus. 9.2 16.7 24.6 50.5 ...... 17.68 
Average gain fqr potassi urn . . 6.0 13.0 3.2 20.3 ...... I 7 .. 11 
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The total yield for the three corn crops varies from 115.5 
bushels on plot 2, with no plant food applied, to 196.2 bushels on 
the land that had been given the full treatment, making a gain of 
80.7 bushels, or 70 percent, for the treatment. A study of the 
table shows that every treatment has produced a gain. The gain 
for nitrogen is least, while that for phosphorus is by far the larg-
est. The gain for potassium, while much smaller than that for 
phosphorus, is considerably greater than the gain for nitrogen. 
As explained elsewhere, the potassium is applied in the form of a 
soluble salt, and undoubtedly acts in part at least, and possibly 
solely, as a soil stimulant, rather than as plant food. 
The total gain for nitrogen for the three years is only 9. 4 
bushels, while for phosphorus it is 45.6 bushels, almost five times 
as much. For potassium the total gain is 17.8 bushels. The total 
average gain for nitrogen under all conditions is 12.5 bushels, for 
phosphorus 50.5 bushels, and for potassium 20.3 bushels. 
CUMULATIVE EFFECTS 
It is interesting to note that the effects of phosphorus have 
been cumulative. The average gain for the first year was only 
9.2 bushels, the second year it was 16.7 bushels, and for the third 
corn crop (in the fifth year) the average gain for phosphor:us was 
24.6 bushels per acre. The gain for nitrogen has remained prac-
tically stationary, while for potassium the increase was greater the 
second year, but smaller the last year. 
The average gain for nitrogen for all tests as an average of 
three crops is 4. 2 bushels; for phosphorus it is 16.8 bushels; and 
for potassium it is 6.8 bush~ls, per acre per annum. 
It is also interesting to note that the yielding power, or pro-
ductive capacity, of the .untreated land has gradually grown less, 
while the productive power of the plots receiving phosphorus and 
nitrogen has increased. Even the plot receiving phosphorus 
alone has thus far steadily grown more productive, but it is cer-
tain that this cannot long continue unless some provision is made 
for supplying nitrogen also, because the natural supply of nitro-
gen in the soil is limited. In practice we must plan to secure 
nitrogen from the air by growing clover or other legumes and 
plowing these crops under, either directly or as farm manure. 
This plan is being followed on the newer part of the Antioch soil 
experiment field. 
A study of Table 2 will show very plainly that the difference 
between the yielding capacities of the treated and untreated land 
is becoming greater and greater. The difference between the plot 
without plant food and the one with nitrogen and phosphorus was 
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10.3 bushels in 1902, and 23.8 bushels in 1903, and 27.8 bushels in 
1906. 
Phosphorus alone produced an increase of 45.6 bushels of c.orn 
in three years. When applied with nitrogen it produced an in-
crease of 53.7 bushels; with potassium, 52.5 bushels; and with ni-
trogen and potassium, 50.2 bushels. It is clear from these figures , 
that phosphorus is the limiting element in this soil. 
FINANCIAL GAINS 
It is also interesting to note the financial gains from the 
treatment. The total average value of the increase for nitrogen 
for three years is only $4.38; for phosphorus it is $17.68, and for 
potassium $7.11. With an application of $15.00 worth of nitrogen 
per acre per year and an increase of crops valued at only $4.38 
for three years it can readily be seen that it is out of the question 
to purchase commercial nitrogen. 
The cost of the phosphorus treatment was $7.50 for -.the three 
years, while the value of the increase was $17.68, leaving a net 
profit of $10.18. The same amount of phosphorus in the form ,of 
raw rock phosphate could have been applied for $2.50·, but this 
cheaper form of phosphorus can be used satisfactorily only in 
connection with decaying organic matter, as with farm manure or 
with clover as green manure. It is a 'fact, however, that either 
farm manure or legume green manure or both must be ·used on 
these soils to maintain the supply of nitrogen, so that to use rock 
phosphate with such decaying organic matter promises to be the 
most profitable practicable system for maintaining the productive 
power of these soils. 
The cost of the potassi urn treatment for .the three yealrs was 
$7.50, and the value of the increase $7.11 thus lacking 3H :ce.n_ts of 
paying the cost. ·· : · ·.~ ·-:; 
Leaving the cost of the nitrogen out of consideration,, the .net 
gain from the nitrogen-phosphorus treatment is $14.59, and from 
the nitrogen-phosphorus-potassium treatment $13.25, for the 'three 
years. 
PERMANENT 8 YSTEMS 
The nitrogen supply of the soil can be kept up by grow-ing 
legume crops in the rotation, and by applying farm manures, with 
practically no cash outlay. The purchase of phosphorus to 9e 
applied to these soils in connection with nitrogen that can be 
furnished by legumes and manure has certainly proved a profita-
ble investment. The potassium has lacked a little of paying for 
itself, but when we take into consideration the very great amount 
already in the soil it is not strange. 
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'The profitable system, therefor_e~ is to grow. legumes in the 
crop rotation and make as much manure as possible to maintain 
the supply of humus and nitrogen and to purchase somewhat 
more phosphorus, in the form of pure steamed bone i:neal or fine-
ground raw rock phosphate, than is removed · from ·the soil by 
cropping, so that the soil will grow r icher rather than poorer . . 
In planning a system of profitable permanent agriculture for 
this soil it should be remembered that, while the supply of 
nitrogen in the soil is limited, there is enough in the air over each 
acre for large crops for 700,000 years; that the plowed soil con-
tains sufficient potassium for two thousand years, but only suffici-
ent phosphorus for the full time of one life, and that it is more 
profitable to increase than to decrease this meager· supply. 
RESULTS FROM ROCK PHOSPHATE 
As already explained, raw rock phosphate is being used as the 
source of phosphorus on the two series. of rotation experime~ts 
which were begun in 1904. It was not to be expected that ~ny 
marked results would be secured in these experimeJ?.ts during the 
first course in the rotation, which will require four years. The 
rotation consists of corn for two years, with oats and clover seed-
ed the third year, and clover the fourth year. While corn is be-
ing grown on one series for two years, oats and clover are grow:r;1 
on the other series, thus alternating every two y ears. . Qn cer-
tain plots ground rock phosphate has been applied at the r a te or 
one ton per acre, at a cost of about $9.00. Subsequent applica-
tions are to be made at intervals of four y~ars. Ultimately -the 
amount applied will be reduced so as to be only suffic!ent to" fully 
maintain the phosphorus content of the soil. 
During the years 1905 and 1906 one crop of clover , one of oats 
and two crops of corn were grown. As an average of four tests 
in each case, the :rock phosphate increased the yields* per acre by 
1.22 tons of clover, 1.2 bushels of oats, · 5.8 bushels of corn in 
1905, and 6.3 bushels of corn in 1906. These increases in orops 
would not r~quire more than 10 pounds of phosphQr1}s, :wher eas 
the ton of rock phosphate applied contained 250 pounds of phos-
phorus, so that the treated land still contains 240 pounds of phos'-
phorus per acre more than the untreated lana . 
*When we remembe r t hat as an average of nine years' experiments the Ohio Exp~riment 
Station h as secured increased yields of corn, wheat , and clover worth $6.97 for every dollar in-
vested in rock phosphate at $8.00 a t on, there is r eason t o believe that its value on t he Antioch 
field will be greater in the future than indic)}.t ed b y the increased yields thus far optained , pro-
vided it is used in connection with p lenty of decaying organic matter, as with far rn manure, 
clover or ot her green manures. 
· Notes.- Finely ground raw rock phosphate (1~7'2 percent phosphorus) can be obtained 
from Robin Jones, Nashville , Tenn. , or from the N .Y. & St. L. Mining & Mtg. Co '\ St. L ouis, 
Mo., delivered in carload lots for about $8.00 a ton in Southern Illinois, the cost bemg $i.OO to ' 
$2.00 higher for central and northern Illinois poin t . · 
A good grade of steamed bone meal (about 127'2 p~rcen t phosphorus) can be obtained 
delivered in Illinois for about $25.00 a ton, i rom th e local agents of Morris & Oomp'a.JU. 
Swift & Company. or the Packers' Fert ilizer Association , Chicago, Ill.. or from Michi~ran 
Carbon Works, Detroit, Mich. 
